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@ Apparatus and method for determining the amount of material In a tank. 



® An apparatus and method for determining tanlc contents employs processing means for comparing sensing 
outputs (e.g. derived from a liquid level sensor (4)) with metering outputs {e.g. derived from a volumetric totaliser 
connected to a dispenser (2)) in order to detemnlne enors In the sensing outputs and thereby to provide a 
corrected calibration characteristic. In the preferred embodiment (which applies to a storage tank (1) containing 
petroleum), the calibration characteristic is refined, in stages, by applying incremental changes to a conversion 
factor used in determining data values related to the sensing output and by computing correlations to determine 
an optimum caiibration characteristic. A corrected calibration characteristic (stored In a PROIV/I) may be 
subsequently employed in equipment for displaying tank contents. 
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APPARATUS AND METHOD FOR DETERMINING THE AMOUNT OF MATERIAL IN A TANK 



TO 



This invention relates generally to apparatus and to a method for determining the amount of material in 
a storage tank. The invention may be used to calibrate sensing means of a kind which provides an output f 
depending on the sensed amount of material in the tank. 

A conventional technique for detemiining the amount of liquid contained by a tanic employs a liquid • 
le*/ei sensor. For example, a sensor may be used which comprises a float or capacitance probes. Bther of ^ 
these sensors provides an output having a value depending on the height of the liquid in the tank. Such a 
sensor may calibrated by (a> measuring the dimensians of the tank, (b) calculating, on the basis off the 
dimensions, volumetric quantities of liquid in the tank con-esponding to different liquid levels, and (c) 
relating the calculated quantities to the riquid level output of the sensor. In effect, a graph can be plotted 
wnicn relates the calculated quantities to the sensor output for different liquid levels so as to provide a 
continuous "characteristic" or calibration curve. The calibration of the sensor may bd effected, in practice, 
by a technique of interpolation, e.g. to avoid actually plotting a graph, and/or to avoid making a multlpncity 
of cdicuiauons for different liquid levels. The sensor may be connected to circuitry which converts a sensed 
value into an output representing an amount of liquid in a tank of given dimensions. Such an output may be 
used by an analog or digital display in order to indicate the amount of liquid in the tank. 

Uquid storage tanks are normally cylindrical in shape with spherical ends. They are often supported so 
that the cylindncal axis is horizontal. For example, an underground tank, used for storing petrol in a filling 
station, may have such a shape and orientation. However, such tanks very rarely, if ever, conform to a 
20 theoretical shape. Also, they can become dented or otherwise distorted and they do not necessarily sit 
squarely in !he ground. This means that theoretical calculations of volumetric quantities can be inaccurate 
and can lead to enrors in calibrating a liquid level sensor for use with a particular tank. At least one aspect 
of the invention seeks to solve this problem. 

VS^ilst an example of a conventional technique has been described above in connection with liquid level 
^5 sensing, it will be understood that the invention can be more broadly applied. For example, the material 
stored in tiie tank may be either gaseous, or a sofid in ttie fomi of. for example, granules or powder which 
can flow. Witt! gaseous material, a pressure sensor may provide an output proportional to the amount of 
material in the tank: Witti a flowable solid, an ultrasonic sensor may provide an appropriate output (although 
some forms of stirring or vibration may be required to provide a measurable level). 
30 US-A-4349882 describes a liquid level measuring system in which a rnicrocomputer periodically 
measures the capacitance of each sensing level of a multiple segment capacitance probe In a storage tank 
in order to calculate the level and tftereby the volume of fuel in the tank. Back-up volume tables preloaded 
in an EPROM. which give the nominal volume of the tank at each of a plurality of sensing levels and which 
are predetermined from the nominal length and diameter of the tank, are used for calculating volume of fuel 
35 within the tank and for interpolating incremental volumes between calibration levels. In addition a tank 
. delivery totaliser enables volume calibration data to be computed for each of the calibration levels. 

According to ttie invention, apparatus is provided for calibrating sensing means of a kind of which 
provides an output depending on tiie amount of material in a tank, the apparatus comprising a first input for 
receiving outputs from the sensing means, a second input for receiving outputs from metering means used 
40 to meter volumetric quantities of material into or out of tiie tank, and processing means that are operatlve- 

(a) to store a first set of data values related to outputs from ttie sensing means which ropresent initial 
estimates of respectively different amounts of material in ttie tank. 

(b) to store a second set of data values derived from Uie metering outputs and rotated to ttie amounts 
of material sensed in the tank by the sensing means. 

45 (c) to compare the first and second sets of data values in order to compute errors in the first set of 

data values with respect to the second set of data values. 

(d) to vary the data values in said first set so as to cause new data values to be stored and to be 
compared with corresponding data values in said second set to detemiine if there has been any 
improvement: tfie new data value being stored whero tiiere is an improvement and ttio old data value beino 

50 retained where ttiere is no Improvement: the first set of data values which contain the improvements then 
being employed to provide a corrected calibration characteristic for ttie sensing means. 

(e) to refine the corrected calibration characteristic by again varying ttie first set of data values and 
repeating the process of comparing the first and second sets of data values and storing a fresh set of first 
data values containing any further improvements. 
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(f> to compute the correlation between the first and second sets of data values, after each 
comparison, to determine when there is no further or significant improvement in tfie calibration characteris- 
tic, and 

(g) to store the refined and corrected calibration characteristic. 

5 

The Invention also provides a method of calibrating sensing means for providing an output depending 
on tiie amount of material in a tank, the method including the steps of providing metering outputs which 
represent volumetric quantities of material metered Into, or out of the tank; comparing values derived from 
outputs of ttie sensing means with values derived from the metering outputs and related to the amounts of 
70 material sensed In tiie tank, and providing a con'ected calibration characteristic for tiie sensing means with 
regard to tiie comparison of tiie latter values; said metiiod furttier Including tiie steps of varying the values 
derived from tiie output of tiie sensing means and comparing the varied values with values derived from the 
metering output and repeating tills process until there is no significant improvement in the calibration 
characteristic. 

IS By suitably reducing and/or increasing the amount by which the data values in the first set are changed 
for each Iteration of the process of refining the calibration characteristic, the calibration characteristic is 
gradually Improved to a required degree of accuracy. The point at which there Is no overall or significant 
impn^vement in ttie retined calibration characteristic may be determined by computing the conrelation 
between the first and second sets of data values after each iteration of the process and then stopping the 

20 process when (here is no significant change in correlation, or when the correlation is acceptable. 

The correlation may be computed, for example, by calculating the sum of the squares as the errors for 
tiie data values In tiie first set for each iteration of the process. 

The invention is particulariy useful for measuring the contents of a tank containing a liquid such as 
petroleum fuel, tiie tank usually being of a cylindrical construction. In this case, and as explained further 

25 below, a mathematical expression can be derived relating to tiie geometry and dimensions of the tank in 
order to derive tiie first set of data values, i.e. as tiie first approximation of the volumetric quantities in tiie 
tank at different liquid levels. However, with regard to tiie broader aspect of tiie invention, it is not essential 
to make initial calculations In such tiieoretical detail. For example, if the diameter of a cylindrical tank is 
known togetiier with its total volumetric capacity, it is possible to start with only one reasonably accurate 

30 figure, l.e. the mid-point of the sensing axis passing diametrically through the tank which corresponds witii 
half of its total contents. For sampling points on each side of the mid-point of the sensing axis, approximate 
data values in the first set (which may be roughly calculated or read from a table giving values thought to 
be approximate) will be quickly updated as the metering output provides more data to the processing 
means. Clearly, this data will relate to changes in liquid level on each side of. and ad]acent to the mid-point 

35 of the sensing axis. However, liquid is usually pumped out of a tank, past its mid-point, in practice. This 
enables tine liquid level sensor to be easily calibrated whilst the tank is in nomnal use. 

Even where the tank diameter and Its total volume are not known accurately, or where drastic errors 
may be present (e.g. the tank diameter may be approximately correct but Its volume may be far greater, or 
far less tiian it thought - which can be the case with an underground tank), the invention can still be applied 

40 with tiie same minimal starting data in order to calibrate the liquid level sensor. In this case, where the tank 
diameter may be appraxlmateiy correct, either tiie processing means may be manually supplied with data 
relating to a tank of. for example, a greater volume, (e.g. by inputting a new volume by means of a 
keyboard), or the processing means may be programmed to change the respective parameters used In tiie 
algorithm to achieve a 'better* fit for tiie first set of data values. A more suitable set of first data values is 

4$ provided in each case. (Conversely, tiie processing means may be manually supplied with data relating to a 
different tank diameter, or programmed to change tiie respective parameters used in the algorithm if data 
relating to its total volume remains unchanged. 

In the case of these approximations, i.e. where data Is limited, or the shape and dimensions of a tank 
are not well known, it will be understood that a first set of very approximate data values will still enable tiie 

50 process to start, since one or two iterations will soon either correct the process, or Indicate that there Is a 
problem. 

The inventiori could also be applied where the shape and/or dimensions of the tank are unknown. For 
example, ttie metering output could be used to provide a first set of data values as the tank is filled from 
empty to full. The processing means could be 'told' when the tank is full if it is necessary to provide a total 
55 volume (e.g. to prevent overfilling). Alternatively, after filling the tank, it could be drained to provide metering 
outputs and hence tiie required first set of data values. 

In some cases, tiie refined calibration characteristic may only be operative over a region of the tank 
over which a material level normally fluctuates. For example, underground petroleum storage tanks are 
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never emptied to avoid the possibility of entraining any water which couid sink to the t>ottom of the tank. 
They may also never be entirely filled. Thus, the metering output would only help to calibrate those sensing 
levels over which petroleum is metered. However, the levels on each side of a working region coukJ be 
calitH'ated whenever more petroleum than usual was added or extracted. 

5 Since the invention enables a very accurate calibration characteristic to be obtained, it can be 
advantageously used to detect a small leakage or unaccounted loss of material from the tank (e.g. due to 
pilfering). More particularly, the processing means is programmed to store, over a predetermined period, 
any differences between the data values derived from the metering output and the data values derived from 
the sensing means and computed on the basis of the latest calibration characteristic. These differences are 

10 averaged over the predetermined period and the average difference value is compared with a reference 
value to determine any significsuit change which is due to a leak or an unaccounted loss of material. The 
averaging of the differences over the predetermined period allows for slight discrepancies, e.g.. due to 
movement of material in the tank, air bubbles, changes in pressure, etc. However, changes due to ambient 
conditions, such as temperature, are preferably compensated by supplying the processing means with a 

75 temperature sensing input and programming it to change the first set of data values accordingly (i.e. to 
allow lor expansion or contraction of the tank's dimensions as well as the material in the tank). An 
advantage of this technique is that a leak can be detected without closing down the station as would 
otherwise be the case where, for example, the tank needs to be sealed and pressurised and then left for a 
period to detect a loss of pressure. 

20 Preferably, the data values in the first set are varied by a predetermined amount by varying one or 
more constants in a mathematical expression which is used for converting the sensing output into data 
representing volumetric amounts in the tank. For example, the sensing output may represent the height of a 
liquid level in the tank, or the pressure of a gas in the tank and this may be converted into a volumetric 
amount of the basis of the dimensions of the tank. In the case of a cylindrical tank with domed ends, a 

25 mathematical expression can be derived relating the geometry and dimension of the tank to volumetric 
amounts for (e.g.) different liquid levels. Such an expression may contain (e.g.) two constants, either or both 
of which may be varied in turn, by- a predetermined anruiunt so as to provide different and respective 
volume values for given liquid levels. This is advantageous where the sensing means is primarily calibrated 
so as to provide a sensing output related to volumetric amounts of material in the tank at predetermined 

30 calibration points (e.g. equally spaced points over the diameter of a horizontally disposed cylindrical tank). 
The primary calibration may contain en-ors which are due. for example, to distortion or mis-orientation of the 
tank and the processing means is used to store an initial record of sensing outputs for given calibration 
points and to revise corresponding volumetric data values by mdking changes in tiie appropriate conversion 
factor. 

35 In practice, the first and second sets of data values represent changes in tank contents. For example, 
tfie first set of data values may be derived by subtracting signal B from signal A, where B is derived' 
subsequent to A with regard to consecutive calibration points In the tank. i.e. as ttio tank is emptied. The 
second set of data values may be derived by subtracting a metering signal D from a metering signal C. wltfi 
regard to total metered volumes, as the material is withdrawn from the tank. (The reverse would apply 

40 where the tank Is tilled rather than being emptied.) As explained above, one of tiie data values, e.g. the 
middle data value in tiie first set. may be used as a reference or basts for computing an actual volumetric 
amount of material in tfie tank whereby tiie data values represent volurnelric changes in the amount of 
material in the tank. 

One of tiie advantages of the first aspect of the invention is tiiat it can be embodied in the form of a 
45 'black box" (i.e. a calibration instnjment) which can be temporarily installed, on site, in order to provide a 
connected calibration characteristic which can be later implemented by suitable hardware. For example, 
where Uie invention is applied for calibrating sensing means attached to an underground petrol storage tank! 
the "black box" may comprise a microprocessor having data inputs for receiving (a) outputs from liquid 
level sensing means, and (b) signals from kiosk equipment connected to a petrol pump fitted with means for *» 
50 metering tiie volume and price of petrol dispensed. In this regard, it can be seen that no special metering 
means are required because tfie metering means Installed "on site" are used to provide a metering output. 
The microprocessor is programmed to process the data inputs in order to derive and store, e.g. in a PnOfA, 
data values corresponding to the corrected calibration characteristic. After tiie "black box" has beeii 
installed for a predetermined lengtii of time. e.g. to enable several cycles of tank filling and emptying to 
55 occur, ttie "black box" is removed and the PROM is employed, e.g. with anotiier microprocessor which is 
conditioned to provide output signals for operating a display, to indicate the amount of petrol in the tank. 

An early warning of an unusual condition, e.g. such as ttie leak in the tank could also be detected by 
comparing pnntouts of correlations between sensing outputs and metering values of ttie "black box" over a 
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certain period of time. However, the averaging technique mentioned above is preferred. 

Both the apparatus and the method of the Invention may be further Improved by Including means for 
removing obvious inconsistencies In the sensing outputs, e.g. when a discontinuity such as a step change is 
detected. This could be done manually, or automatically, e.'g. by comparing actual sensfng outputs with 

5 predicted sensing outputs to determine a difference which exceeds a predetermined error. Temperature 
compensation can also be made to correct the sensing outputs for changes in temperature. 

The calibration characteristic can be refined by varying the first set of data values (i o- those derived 
from the sensing output), over a range of tank contents from near empty to full. Alternatively, instead of 
having one calibraton point for each (theoretical) segment of the tank over such a range, a plurality of 

10 calibration points are assigned to each tank segment and these are used to derive the first set of data 
values. Each segment of the tank can be treated In a similar way so that sufficient data can be collected 
over one tank "full -empty** cycle and then analyzed to provide optimum sensing outputs, for each tank 
segment in order to generate an even more accurate calibration characteristic. 

The apparatus and the method of the invention may include means for producing a hard copy report 

IS which shows the correlation between sensing outputs and metering values, together with the overall 
volumetric amount withdrawn or put Into the tank and an indication of measurement error. Such a report 
may be produced automatically, or on request, each time the tank has been emptied or filled with material. 
As an alternative, or In addition to providing a hard copy report, the data for a report may be stored in 
memory until It Is collected, e.g. by hand, or by a telecommunication link. In the latter case, the report data 

20 may be transmitted to a central data collection/computer system which is programmed to check tiie 
contents and conditions of tanks at a multiplicity of locations. 

In some applications of Uie invention, when tiie tank is empty the sensing output may be taken as a 
"zero" or an *'empty'' reference and, when the tank is full, the sensing output may be taken as a "full" 
reference. Then, either as the tank Is filled or emptied, the metering outputs may be periodically related by 

25 (e.g. a microprocessor to corresponding sensing outputs. This could be done at timed intervals, e.g. over a 
period during which the tank Is filled at a uniform flow rate. Alternatively, predetermined sensor outputs (e.g. 
obtained when predetermined levels of material In the tank are detected) could be used to initiate 
Instantaneoos comparisons with conresponding metering outputs. The microprocessor can be programmed 
to store corresponding sets of sensing and metering outputs, and to interpolate (if necessary) between ttie 

30 stored values, so as to provide signals, in response to subsequent sensing outputs, for driving a display of 
tank contents. This could be advantageously used to provide (e.g.) a fuel gauge for a tank having a 
complicated or Irregular construction. The metering means could t>e removed after enough data had been 
stored for Initially callt>rating the fuel gauge (since tiie microprocessor then needs only to respond to Hie 
sensing output to provide a drive for the display). 

35 An example of tiie invention will now t>e described with reference to the accompanying drawings which 
schematically illustrate an embodiment of the invention for use in calibrating tank level sensing means in a 
petrol filling station. 

Rgure 1 shows a system embodying the invention, and 

Rgures ^-4 are flow charts for explaining a mode of operation of the system of Rgure 1 . 

40 

Referring to Rg. 1. underground storage tanks 1 are eacg in fluid communication with a respective 
dispenser 2 having a dispensing hose and nozzle 3. Tanks 1 and dispensers 2 are of conventional 
construction. Each dispenser 2 comprises a pump, valves and metering means for metering the quantities 
' of petrol dispensed and may be one of several connected to a klosk/slte controller 5. The kiosk/site 

45 controller 5 is of conventional construction and includes means for displaying tiie volumes and costs of 
amounts dispensed by each dispensers and tiie total volume dispensed by every dispenser connected, to 
tiia same tank. The latter means includes conventional circuitry for providing data. i.e. "metering values" 
corresponding witii the total volumes dispensed. 

Tank level sensing means 4. of known construction, is installed In each tank 1. Means 4 comprises a 

50 transducer (e.g. capacitance probe) for providing electrical signals in response to changes In the level of ttie 
liquid within tank 1. It also comprises a micmprocessor for converting tiiese electrical signals into otiier 
signals or data representing a volumetric amount of material In tank.1 with respect to a corresponding liquid 
level. Such a microprocessor employs a "conversion factor" based on a relationship between liquid level 
and the geometry and physical dimensions of the tank. The level sensing means 4 used in this example 

55 was a TLS-250 Tank Level Sensor available frofn Veeder Root. 70 Sergeant Street. Hartford, Connecticut, 
U.SJV. Data representing volumetric amounts of material in each tank 1 and derived from tiie liquid level 
signals are supplied to a calibration box or automatic calibration/reconciliation system 6 which also receives 
data signals from ttie site controller 5 representing the "metering values" or total volumetric amounts of 
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petrol dispensed by the dispensers 2 connected to the respective tanks 1. The cafibratlon systenn 6 (which 
may include AD converters as required. »i.e. if the signal inputs are in analog rather than digital form), 
thereby receives concun^ent signals or data relating liquid levels in tanks 1 to volumetric amounts dispensed 
by dispensers 2. A tank gauge 7. which displays the amounts of material in each tank 1 relays the liquid 
5 level signals from the sensing means 4 to the calibration system 6. Tank gauge 7 also comprises a printer 
8. the purpose of which is explained below. 

In the example described, sensing means 4 and the calibration system 6 both incorporate microproces- 
sors which are programmed to perform the following functions: 

Sensing Means 4 

An algorithm is used to relate liquid level to the volume of liquid in tank 1 . The algorithm operates on 
input signals from the transducer of the sensing means 4 and on theoretical volumes calculated for a 

rs "standard" tank which has a certain shape and size and which is disposed with its cylindrical axis in the 
horizontal plane. This data is supplied (e.g. by a keyboard) to the microprocessor' in the form of theoretical 
volumes of liquid for each of 20 calibration points spaced across the diameter of the tank (which diameter Is 
assumed to be in the vertical plane). Each calibration point can be checked by means of a dipstick and the 
theoretical volume, for that liquid level, can be obtained from a tank chart (supplied by the tank 

20 manufacturer) for relating a liquid level to a calculated volume. The algorithm interpolates for liquid levels 
between adjacent calibration points in order to provide liquid volumes for any transducer input signal. 

This "conversion" of liquid level (transducer signals) into corresponding volumetric amounts is theoreti- 
cally sound for a "standard" tank having a perfect cylindrical shape, perfectiy spherical domed ends and 
which disposed with its cylindrical axis in the horizontal plane. However,, mass-produced tanks will not 

25 conform identically witti the "standard" tank and they may be distorted In shape or have dents or other 
defects. Moreover, in practice, a working tank may not be installed so that its cylindrical axis is in the 
horizontal plane. Thus, with a working tank, it is possible that the relationship of liquid level to volume at or 
between the calibration points is not exactly ttie same as the algoritiim believes it to be. Therefore, the 
volumes determined by tiie microprocessor may only be taken as approximate or estimated values and the 

30 calibration system 6 is used to correct for errors. 



Calibration system 6 

35 The microprocessor is programmed on the basis of the foltowing two assumptions: 

(a) The volume displayed by totalisers in the kiosk equipment or site controller 5 is always con^ect 
(this must be achieved, in practice, to ensure that tiie correct cost is displayed for volume dispensed), and 

(b) The llquM levels sensed by the liquid level sensing means 4 are always correct. 

•n> These assumptions are valid, in practice, because: 

(a) The metering means in dispensers is accurate to wittiin plus or minus 0.03% and it has very little 
short term drift and 

(b) Whilst tiie liquid levePvolume "sensing outputs" of sensing means 4 may not be correct the 
repeatability of sensing/detection is excellent 

45 

The •'metering values" derived from the kiosk equipment or site controller 5 may therefore be used to 
calibrate the sensing means 4 to correct for en^ors unless some unusual condition prevails, such as a leak in 
the tank 1. (This means tfiat "reports" provided by the calibration box can provide an early warning about 
the state of the tank.) 
50 The microprocessor program operates in the following way. 

The data collected by tiie site controller 5 and the sensing means 4 is used to construct a file (e.g. in a 
PFIOM) which relates Pump Tote (Utres) to liquid level (mm) as shown below. (This data is collected from 
tiie Pump Tote at regular metered inten/als (e.g. every 200 litres). Data representing corresponding liquid 
levels (mm), as detected by \he sensing means 4. is collected at the same times.) 

55 
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Record 


Pump Tote 


Liquid level 


No. 


(Itrs.) 


(mm) 


1 


2000 


2480 


2 


2200 


2422 


3 


2400 


2372 


4 


2600 


2341 


5 


2800 


2308 


6 


3000 


2279 



The primary calibration data of the sensing means 4 Is also stored. I.e. which relates liquid level (mm) 
to volumetric amounts (litres) in the tank since this data will be revised to provide a more accurate 
calibration charactenstic for the particular tanlc. The microprocessor of the calibration system 6 Is also 
programmed with the algcnthm for converting this data into volumetric amounts since this algorithm v\^ll be 
used in revising tne cat bration characteristic. 

Once this data has been collected, the program in the calibration system 6 performs the following tasks. 
1. It computes, for eacn caht^ation point Q.e. by Interpolation), the following information: 



A. Volume dispensed (m litres) t>etween adjacent calibration points as detemnined by a change in the total 
volumetric metered amounts <i e present metering value minus previous metering value) 

B. Volume change (m litres) as determined by the sensing means 4 based on the primary calibration 

C. The Absolute Error tn 6 with -espect to A 

D. The percentage error* of C. 

The program in the microprocessor of calibration system 6 also computes, over the range of calibration 
points, the correlation between the total volume of liquid dispensed, as determined by the metering means 
(2, 3) and the total volume of Hquid removed from the tank 1. as determined by the sensing means 4. This 
correlation may be computed, for example, by computing the sum of the squares of the errors (C or D) over 
the range of calibration points. 

2. It computes new data values by first varying, by a predetermined amount (e.g. plus or minus 3%). 
one or more constants in the mathematical expression which was used in the algorithm for computing the 
primary calibration values of tt^e sensing means. In otiier words, the calibration points (mm) are fixed but 
the (theoretical) corresponding volumes (in tank 1) are varied to provide and to store new calibration values. 
These new calibration values are then used to compute new volume changes Bi for the sensing means 4. 
These values Bi are then compared, in turn with the corresponding values A to determine the errors C and 
D. If ttiere has been an improvement tiie new value for the volume of liquid in the tank (corresporKling to 
the appropriate calibration point for tiie liquM level sensing means) is stored (in a PROM) as a more 
accurate value for the corresponding segment of tiie tank. If there is no improvement tiie previous value for 
the volume of liquid in ttie tank (corresponding to the same calibration point for the sensing means) Is 
retained in Uie store. This process, which may be termed "an iteration", is repeated for each change in tiie 
constants in the mathemaucaf expression (conversion factor). For example, where two constants ki. and ka 
are involved, the first iteration is carried out with ki varied by -«-3%. In the second iteration ki is the original 
constant but ka are varied by ^3%. Then. t>oth ki and kz are varied by +3%. These iterations can then t>e 
repeated vvith a change of -3% instead of "1-3%. The correlation between the toteU volume of llqutd removed 
from the tank and the total volume of liquid dispensed after each iteration is computed (as before) to 
ascertain what (continuing) improvement has t>een made and the process stops with the best revised data 
values in store. 

3. The program then causes the process (2) to be repeated with a reduction In the step size (3%) by 
which the constants (ki and ks) were varied. 

4. The program continues with reducing step size and iterating until there is no Improvement or 
significant improvement in correlation. 

5. Once the con'elation has reached an optimum value, a report Is produced as shown below. (The * 
denotes tiie number of data points wittiln each segment) 
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Volume Change 


Vofume 


Volume 


Percentage 




Calcufated 


Difference 


Difference 


1320 


1320 


-0 


-0.01% 


1664 


1664 


-0 


-0.02% 


1914 


1915 


-! 


-0.05% 


2103 


2104 


-1 


-0.03% 


2250 


2251 


-1 


-0.04% 


2360 


2361 


-1 


-0.04% 


2440 


2441 


-1 


-0.05% 


2492 


2493 


-1 


•0.03% 


251 o 


2517 


-1 


-0.03% 


2517 


2517 


-0 


-0.02% 


2492 


2493 


•1 


-0.02% 


2440 


2440 


-0 


-0.01% 


2360 


2360 


-0 


-0.02% 


2250 


2250 


0 


ft ni«5L 


2103 


2103 


0 


0.00% 


1914 


1914 


-0 


-0.01% 


1664 


1664 


0 


0.00% 


Totals 36799 


36807 


-8 


-0.02% 


Mean error = 0.02% 



(The "volume change' is the volume, in litres, measured by the metering means: the "volume 
calculated", in litres, is the volume determined by the sensing means from the corrected calibration 
characteristic. The lines of the table con-esponds to the calibration points over the range of measurements • 
which may be less than the total number of calibration points where the tank is not completely filled or 
emptied during the calibration process. The "Percentage Difference" shows minute changes for similar 
"Volume Changed" and "Volunie Calculated" figures due to computing more accurate data - e.g. to 12 
decimal places.) 
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UXQ 


New 




9 n ^ A A 

39600 


39600 




38536 


38536 








* 


37421 


37421 








** 


35852 


35852 








** 


34037 


34037 










32000 


32000 








** 


29861 


29861 








** 


27567 


27567 








** 


25170 


25170 








** 


22662 


22662 








** 


20123 


20123 








** 


17616 


17616 










15088 


15088 








** 


12686 


12686 








** 


10214 


10214 








** 


8105 


8105 










5797 


5797 










4017 


4017 








** 


2099 


2099 








* 


779 


779 




0 


0 





(These "Old" and "New" figures show the tank 
contents at respective calibration points.) 

Data Validity 

The program can be designed to filter input data to erase obvious inconsistencies for example when a 
step change upwards In liquid level (height) is found (due to a delivery into the tank). This can be done 
manually during the Initial measurement period to enable sensible njles to be worked out for the program. 
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Compensation for the effect of temperature on the accuracy of the data derived from the sensing 
means may t>e made as follows. 

A temperature sensor is installed in the tank to provide data to the microprocessor in either the sensing 
means, or the calibration box. Ether microprocessor is programmed to make an allowance for the effect of 
a change in temperature on the "sensing outputs" (which are taken as correct at a predetennined reference 
temperature). 



to 



ts 



20 



2S 



30 
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Alternative Mode of Operation 

Instead of changing the constants in the mathemaUcal (conversion) expression for each iteration, data 
may be collected from the sensing means at a plurality of sampling points for each "segment" of the tank 
This data may be analysed by statistical methods in order to determine the best correlations and hence the 
optimum calibration characteristic. 

Station Operation Dunng Calibration 

Since the system of data collection can be fully automated, the only requirement of staff personnel "on 
site IS to check that the cahbrai.on box is still working. They can do this by examining a print-out of the 
report . Where they *.D ia.i lo do tn.s. the calibration box can be conditioned to produce a "message" to 
say that it is "in order - at pr^aaterm.ned time intervals (e.g. every 9 hours). The only other requirement is 
that personnel allow, mtttn -coeraiiDnal limits", the tank to go from Fu« to Empty. It they do not do this 
then the calibration at tne top and bonom of the tank cannot be checked. 

Figures 2-4 are llo». charts illustrating a mode of operation of the system shown in figure 1 which 
mode of operation is basKiaiiy me same as that previously described except for some refinements.* TTiese 
refinements are made .n v,ew of not Know«,g the precise diameter and maximum volume of an underground 
tank. The mode of operation "starts- from a point where some calibraUon data is available from the tank 
gauge 7. this callbratmn oata being based on dimensions which are thought to apply to the tank and on 
parameters wWch would apply to t>H>se dimensions at the calibration levels of the fiquld sensing means i e 
Z"^"^ r " e'^ression. This serves as a first Voximion i J 

tt^e data may be inaccura.e. However, afler coflecting sufficient data from the totalisers that are driven bv 

•loSfn"^^'" h! """^ ^"'^ of the tank and thi^ 

infomi^on «n be useo to modify the initial parameters which are used for computing thrvoJTrne^te 
contents of the tank at the caiibiation levels of the sensing means. • a m© volumetric 

in.-.S'™*^ illustrates a first loop where new totaliser values from the site controller 5 are collected and 
^ calibration hs. unui suflicien, good data has been collected in order to estimate CSSi^r 
and maximum volume ol the tank. The process then continues by cateulating initial parametereT Te 
a^onthm to suit a tank ol the ngf,, dimensions and by adjusting each parametaTto maiT^a^Z^a 
from the metenng outputs. After achieving the best match, the modified parameters relaBno to til tl^ 
tank diameter and maximum vplume. are copied into the tank gauge 7. ^ 

The iterative process then proceeds much the same as described above. However. Roure 3 shows a 
process wherein a parameter of the algorithm used to calculating the volumetric content of tJe tlnHS a 
particular sensing level is both increased and decreased for each iteration and the^rpecSve^TlLlJ 
are computed to detem,ine .f either an increase, or a decrease in this parameter haTarooiiSTS!^ 
More particularly, after calculating an initial sum of the squares of reSduTle b JIL 
between data values derived Irom the level sensing output Lf ata vaLe Sei frormttering o^^^^^^ 
selected parameter In the mathematical expression used in the algorithm is changed by a P^etSS^J 
amount i.e. it is both increased and decreased by the same amount so that respectfvelj ^ew^ms^ tjf 
squares of residuals (SSR's, can be calculated before detemiining .if any such caSlat^ sSTl, J^A^! 
me inma. SSR before decreasing the size of .he step by which me P^iS^rtS^J^^cf bef<^e^Za^S 
the process. When the step size is at a minimum, the process stops. At that ooint tha ,wcf«m^V 
calculated and It can then move into a reconcination program. i^sl..lZ^oi :::^TZ:LT^::1 

In the reconciliation program, the calibration system 6 still captures infonnation as it did in the 

T^! ^ ^^""^ ^ ''^"'"9 is given so that action may be taken to check if ttTerr^a S 

in me system, or an unaccounted toss of fuel e.g. due to pilfering. This enables me sySni to be used fS 
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detecting leaks as welt as thefts. 

In Figure 4, a reconciliation list is compiled by calculating differences between the volumetric data 
computed on the basis of the latest calibration characteristic witfi volumetric amounts calculated from the 
totaliser Information derived from the dispensers 2. Any differences between these two sets of information 
are averaged, over a predetermined period, and the average Is compared with a reference which, if 
exceeded, causes an alarm or indication to be given (such as a sound alarm) to indicate that there is a lealc 
or toss of material. The length of the period over which the differences are averaged is determined so as to 
eliminate alarms d.ue to slight changes caused by transient effects (such as movement of the material in the 
tank). As for changes due to ambient conditions such as temperature, compensation can be carried out so 
that no alarm is given in the event of changes occurring due to these natural effects. 



Appendix 

For a cylindrical tank with spherically domed ends, volumetric amounts may be interpotated between 
measured volumes by the following expression: 

Vx = (V2 - Vi} - A T_ + Vi 

A2 - Ai 

where: 

V, = volume of material in tank 1 at height 
Vz = volume at next highest calibration point H2 above 
V« - volume at next lowest calibration point Hi fcieiow 
Ak s cross-sectional area of tank contents at height 
A2 B cross-sectional area of tank contents at height H2 
Ai = cross-sectional area of tank contents at height H 

wtiere: 

A = O ^- (4H« - 2) Hp (t - Hn) 
and: 

O = cos- (1 - 2H„) 
H„ - K'D 

H being any height Hi. Ha or H.. and D being the cylindrical diameter of the tank. 



Claims 

1. Apparatus for calibrating sensing means of a kind which provides an output depending on the amount 
of material in a tank, the apparatus comprising a first input for receiving outputs from the sensing meane. a 
second input for receiving outputs from metering means used to meter volumetric quantities of material into 
or out of the tank, and processing means that are operative: 

(a) to store a first set of data values related to outputs from the sensing means which represent initial 
estimates of respectively different amounts of material in the tank. 

(b) to store a second set of data values derived from the metering outputs and related to the amounts 
Qf material sensed in the tenk by the sensing means. 

(c) to compare the first and second sete of data values in . order to compute errors in the first set of 
data values with respect to the second set of date values. 
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(d) to vary the data values in said first set so as to cause new data values to be stored and to be 
compared with corresponding data values In said second set to determine if there has been any 
improvement: ttie new data value being stored where there is an improvement and the old data value toeing 
retained where there is no improvement the first set of data values which contain the improvements then 

s being employed to provide a corrected calibration characteristic for the sensing 

(e) to refine the corrected calibration characteristic by again varying the first set of data values and 
repeating the process of comparing the first and second sets of data values and storing a fresh set of first 
data values containing any further improvements. 

(f) to compute the correlation between the first and second, sets of data values, after each 
JO comparison, to determine when there is no further or significant improvement in the calibration characteris- 
tic, and 

(g) to store the refined and corrected calibration characteristic. 

2. Apparatus according to claim 1 wherein the processing means is programmed with an algorithm 

IS based on a mathematical expression which is used for converting the sensing output into data representing 
volumetric amounts in the tank, said processing means also being supplied with data relating to the 
dimensions of the tank whereby the first set of data values are computed which represent the initial 
estimates of corresponding amounts of material in the tank, the data values in said first set being varied by 
a predetermined amount by varying one or more constants in said mathematical expression. 

20 3. Apparatus according to any of the preceding claims wherein the processing means is programmed to 
vary the data values in said first set in a step by step manner. 

4. Apparatus according to claim t or 2 wherein the processing means Is programmed to collect a 
plurality of sensing outputs and metering outputs for each (theoretical) segment of the tank and to analyse 
corresponding data values for generating a corrected calibration characteristic. 

25 5. Apparatus according to any of the preceding claims wherein the processing means is programmed to 
store, over a predetermined period, any differences between data values derived from the metering output 
and data values derived from the output of the sensing means and from the latest calibration characteristic 
and is further programmed to average said differences over said period and to compare the average 
difference with a reference value to determine if there is any sifnificanl change due to a leak or an 

30 unaccounted loss of material from the tank. 

6- A method of calibrating sensing means for providing an output depending on the amount of material 
in a tank, the method including the steps of providing metering outputs which represent volumetric 
quantities of material metered into, or out of the tank: comparing values derived from outputs of the sensing 
means with values derived from the metering outputs and related to the amounts of material sensed in the 

35 tank, and providing a corrected calibration characteristic for the sensing means with regard to the 
comparison of the latter values: said method further including the. steps of varying the values derived from 
the output of the sensing means and comparing the varied values with values derived from the metering 
output and repeating this process until there is no significant improvement in the calibration characteristic. 
7. A method according to claim 6 and which is perfonned with apparatus according to any of claims t- 

40 5. the method including the steps of storing the corrected calibrating characteristic in memory means, 
removing the apparatus from a site at which the tank Is installed, and employing said memory means in 
apparatus for displaying tank contents. 

a. A method according to claim 6 or 7 and further including the step of detecting for a leak or 
unaccounted loss of material from the tank, which step is canied out by comparing, over a predetermined 

45 time period, the values derived from the metering output with the values derived from the output of the 
sensing means and from the latest calibration characteristic, storing the differences over said time period, 
averaging said differences and comparing the average difference with a reference to determine a significant 
change. 

50 
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